ABSTRACT HUNTER, R. E. 1978. Effects of catechin in culture and in cotton seedlings on the growth and polygalacturonase activity of Rhizoctonia solani. Phytopathology 68:1032-1036.
July 1978] HUNTER: RHIZOCTONIA/ COTTON/ CATECHIN/ PGase 1033 respectively. diluted solutions were autoclaved (10 ml/ flask), and after Bioassay media and methods.-For the sucrose cooling, 2 ml of each solution was added aseptically to 18 medium, 4 g of sucrose was dissolved in 20 ml of BSS and ml of BSS containing the NaPP. Then the media were the solution was filter-sterilized. Solutions of various added aseptically to sterile 50-mm diameter petri dishes (2 concentrations of (+)-catechin (Nutritional Biochemicals ml/dish). The final catechin concentrations in both the Corporation, Cleveland, OH 44128) were prepared in sucrose and NaPP media were 0, 1, 2, 4, and 8 mg/ml. BSS. To each of five 50-ml flasks, 18 ml of each catechin Each dish of liquid medium was inoculated in the solution was added and the flasks were autoclaved. After center with a 7-mm diameter disk cut from a 4-day-old the contents had cooled, 2 ml of the sucrose solution was fungal mat of R. solani grown on BSS containing 20 g of added aseptically to each flask, the contents were stirred, sucrose/liter. Cultures were incubated at 21 C. The and 2 ml of medium was added to individual 50-mm diameters of colonies were measured 26 and 43 hr after diameter petri dishes, inoculation. Mean radial growth of the fungus from the For the sodium polypectate (NaPP) medium, 8 g of edge of the inoculum disk was calculated from two NaPP was added to 360 ml of hot (50-60 C)BSS and measurements of the colony diameter made at right mixed thoroughly. Then, 18-ml samples were autoclaved angles to each other. Each treatment was replicated five in 50-ml flasks. Catechin (1.6 g) was dissolved in 20 ml of times. Only the radial growth after 43 hr is presented in BSS, and appropriate dilutions were made with BSS. The Fig. I . The concentration of catechin required for 50% inhibition of radial mycelial growth (EDs0) was calculated for each fungal isolate and culture medium.
Pectolytic enzyme assays. Activity of polygalacturonase (PGase) mixed with The radial growth of the three isolates was inversely catechin or condensed tannins.-The culture filtrate from related to the concentration of catechin in both media isolate 63SD2 in the NaPP medium containing 8 mg (Fig. 1) . Although measurement of dry weights is catechin/ ml medium was stored at 4 C for 5 days. After generally considered to be the best method to determine this period, presumably because of enzyme denaturation growth differences (4), radial growth measurements were by oxidized catechin (condensed tannins), PGase activity used in this study. The small amount of media (2 ml) in had disappeared from the filtrate. Then this filtrate each 50-mm diameter petri dish restricted growth of the without PGase was mixed with equal volumes of fresh fungus to essentially a single plane radiating from the culture filtrates from each of the isolates grown in NaPP inoculum plug. In addition, no visual differences were medium without catechin, and the PGase activities were observed in the type or density of mycelial growth. measured immediately. Controls containing fresh culture Therefore, I judge that the radial measurements were a filtrates mixed with buffer solution also were assayed. In reliable index of the relative effects of the treatments. The addition, a mixture of equal parts of the culture filtrate ED 50 values for isolates 63SD2, W18, and C70 were 4.1, from 63SD2 in NaPP medium without catechin and fresh 2.9, and 3.3 mg catechin/ ml of sucrose medium and 4.6, NaPP medium containing 8 mg catechin/ml was tested 4.3, and 4.1 mg catechin/ml of NaPP medium, for PGase activity, respectively. The PGase activity in the NaPP culture filtrates from RESULTS the slightly virulent isolates C70 and W18 was inhibited when catechin was present in the medium (Table 1) . At 8
The catechin concentrations in extracts of seedling mg catechin/ ml medium, PGase activity was present, but hypocotyls, when plotted against seedling age, gave a was too low to cause a 50% loss in viscosity after an assay regression coefficient of 0.91, which was statistically period of 4 hr. The activity of PGase in culture filtrates of significant, P = 0.01 (Fig. 2) .
63SD2 was greater in the NaPP medium that contained I Media containing catechin were progressively more and 2 mg catechin/ml than in those that contained no brown with higher concentrations of catechin. As the catechin, but it was progressively lower with 4 and 8 mg fungi grew, the media under the fungal mats darkened catechin/ ml medium. When the relative enzyme activities in the NaPP culture filtrates of 63SD2 were expressed per area of fungal growth, they were directly related to TABLE 1. Polygalacturonase (PGase) activity in culture catechin concentrations (Table 1) . filtrates of three Rhizoctonia solani isolates grown in a sodium When the filtrate from 63SD2 in NaPP medium polypectate (NaPP) medium containing various concentrations containing 8 mg catechin/ ml was kept at 4 C for 5 days of catechin and then added to the filtrates from each of the isolates in Catechin PGase activitya NaPP medium without catechin, PGase activity was concentration Per volume Per mm' of unchanged in fresh filtrates from 63SD2, but was Isolate (mg/ml medium) of filtrateb fungal growth inhibited 44% in those from C70 and W18 (Table 2) . and is expressed as 1,000 divided by time (min) at which 50% loss in viscosity of 1,000 divided by time (min) at which 50% loss in viscosity of NaPP occurred. NaPP occurred.
bCultural filtrate from isolate 63SD2. This filtrate was bThe abbreviation Tr. = trace activity; detectible, but too low removed after 43 hr of growth and stored 5 days at 4 C; it had to cause a 50% loss in viscosity after an assay period of 4 hr.
negligible PGase activity after storage.
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When fresh NaPP medium containing 8 mg catechin/ml effective dose for inhibition of fungal growth. was added to the culture filtrate from 63SD2 in NaPP Phenols, in addition to their effect on fungus growth, medium without catechin, PGase activity also was may also affect enzyme activity of the fungus. The unchanged. Thus, the possibility that catechin or inhibition of fungus pectic enzymes by oxidized phenols condensed tannins stimulated PGase activity was has been related to plant disease resistance in a number of eliminated.
instances (2). Byrde et al. (3) found that oxidized catechins were very effective inhibitors of PGase activity in culture filtrates of Sclerotinia fructigena. The age-DISCUSSION related resistance of cotton seedlings to soreshin may be partially mediated through the inhibitory effect of The toxicity of phenols to fungi was demonstrated by oxidized catechin on PGase activity of R. solani (9) . Cook and Taubenhaus (5) in 1911. One of the fungi that
The effect of phenolic compounds on enzyme activity they tested was an unidentified Rhizoctonia spp. whose usually is tested by adding the compounds to culture growth was retarded by 0.1-0.2% tannin. More recently filtrates of the fungus. In the present study the fungus was Ross (13) found that the growth of two R. solani isolates grown in the presence of catechin and then the PGase was very slight in the presence of pactivity was tested. The catechin, apparently oxidized by hydroxybenzaldehyde, ferulic acid, or vanillin at a phenol-oxidizing enzymes of R. solani (15), reduced concentration of only 0.01%. In the presence of 0.25% PGase activity of the filtrates from cultures of two of the gallic acid, one of the isolates grew vigorously but the three isolates. However, the PGase activity of one of the other grew poorly. Martin and Grossmann (12) found isolates, 63SD2, was not markedly reduced by the that a single isolate of R. solani grew well in the presence presence of catechin in the medium, and when the PGase of 0.17% gallic acid but growth was inhibited 69.8% in the activity was expressed per square millimeter of fungal presence of 0.32% digallic acid. The results of these growth, PGase activity increased with increasing studies show: (i) that some phenolic compounds are concentrations of catechin. Neither catechin nor oxidized effective growth inhibitors of R. solani, (ii) that the catechin stimulated PGase activity of this isolate; effective concentration for growth inhibition is different therefore, it is postulated that the presence of catechin or for each compound, and (iii) that isolates differ in its oxidation products induced PGase production in response to the same compound. In my study, the range of culture. It is also possible that PGase production was ED 50 values corresponded to 0.29-0.46% catechin in the induced in the cultures of the other two isolates. However, culture media. These concentrations are close to the since the PGase from cultures of these two isolates was inhibitory concentrations of gallic acid used by Ross (13) partially inactiviated by oxidized catechin, any possible and of digallic acid used by Martin and Grossmann (12) . increase in PGase production would not be evident due to The three isolates of R. solani utilized in my experiments inactivation of the enzyme. The present study confirms differed slightly in growth responses to catechin, but the the inhibitory action of oxidized catechin on PGase differences were much less than those described by Ross activity (9) of some strains of R. solani but also suggests (13) for two isolates cultured in the presence of gallic acid. that the presence of catechin may induce synthesis of Even though these three R. solani isolates showed similar PGase in certain strains. Further studies will be needed to patterns of inhibition, a much higher concentration of test this hypothesis. catechin was needed to inhibit their growth than that reported by Howell et al. (7) for Verticillium dahliae. Catechin concentrations of I X i0-4 M effectively LITERATURE CITED inhibited growth of V. dahliae (7) 
